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Introduction.
Neurons contain specialized regions at the plasma membrane where secretory vesicles accumulate. These regions, called "active zones", were first observed by electron microscopy (1, 2) . These active zones are also believed to contain clusters of voltage-sensitive Ca 2 * channels (3). More recently, localized zones of Ca 2+ entry, termed "hotspots", have been identified in neurons, both on dendrites (4, 5) and at nerve terminals (6) , and also in hair cells (7) . Furthermore, it has been demonstrated that vesicular secretion is triggered by specific modes of Ca 2+ influx across the plasma membrane (8) (9) (10) . This raises the hypothesis that these sites of Ca 2+ entry are colocalized at the plasma membrane with sites where vesicles are poised for fusion. Indeed a standard text book notion describes just such a scenario for neuronal cells, however there is no direct functional evidence to support this point. There have been no reports of morphological structures similar to the active zones found in neurons being present in neuroendocrine cells.
A recent report (11) has described the existence of hotspots of localized Ca 2+ entry in patch-clamped bovine adrenal chromaffin cells following the transient opening of voltage-sensitive Ca 2+ channels. The pulsed-laser imaging system employed in these studies has an improved spatial and temporal resolution compared with those imaging systems that have previously been used in attempts to capture the early stages of influx of Ca 2+ into chromaffin cells. The approach adopted is similar to that used in "flash photography" where a brief transient illumination is used to freeze and capture an image. A pulsed-laser is used to provide a brief (350ns), high intensity (0.25J) epi-illumination to transiently excite the fluorescent Ca 2+ indicator dye rhod-2 enabling the capture of "snapshot" images of the intracellular Ca 2+ concentration. 
Materials and Methods.
Cell Preparation and Culture.
Chromaffin cells were prepared from bovine adrenal medullae by enzymatic digestion (13) . Isolated cells were resuspended in Dulbecco's modified Eagles medium (DMEM) supplemented with 25mM HEPES, 10% fetal calf serum, 8|aM
fluorodeoxyuridine, 50ng/ml gentamycin, 10>M cytosine arabinofuranoside, 2.5ng/ml fungizone, 25U/ml penicillin and 25|ig/ml streptomycin and plated at a density of 100,000 cells/ml on glass coverslips in 35mm diameter petri dishes.
Cells were cultured in a humidified atmosphere at 37°C in the presence of 5% 
Measurement of Membrane Capacitance.
In some cases we monitored exocytosis by measuring the cell membrane capacitance, using the whole-cell mode of the patch-clamp technique (14) , in conjunction with a digital phase detector (15) 
Amperometric detection of catecholamine secretion.
In these studies two types of carbon-fiber electrodes were used to monitor the release of catecholamines, one type was large, having tip diameters similar to those of the cell (~14nm), whereas those used to map the release sites had tip diameters of ~2nm. In both cases fabrication of the electrodes required the aspiration of a carbon-fiber into a capillary pipette which was then pulled on a micropipette puller. In the case of the larger electrodes (those used in fig. 1 ), the carbon-fiber was sealed to the glass capillary tube by immersing the tips of the fibers into epoxy. This was cured overnight at room temperature, then at 100* C for 2 hrs., and finally at 150 • C for a further 2 hrs. (18) . Before use, the tip of the fiber was beveled at 45° using a micropipette beveler resulting in an elliptically shaped carbon-fiber tip. The carbon electrodes used to spatially map the release of catecholamines (used in fig. 2 ) were constructed in a slightly different manner.
After pulling the glass pipette, approximately 500^m of the carbon-fiber was exposed beyond the end of the glass capillary tube and was etched in a Bunsen burner flame resulting in the formation of a carbon cone with a submicron tip.
The pipettes were then filled with colloidal graphite into which a chromel wire was inserted to establish an electrical connection. The fibers were then insulated with poly(oxyphenylene) (~1^m thick) by electrochemical deposition for 8 mins.
at +4V, and cured for 40 mins. at 150°C (12, 19, 20) . The tip of the fiber was beveled at an angle of 45° for 5s to remove the insulating layer at the very tip of the electrode using a micropipette beveler. Both types of electrode were held at a voltage of +650mV and the redox current was monitored with an Axopatch 1B patch-clamp amplifier; at this voltage, catecholamines are the main substances released from chromaffin granules that will be oxidized.
Results and Discussion.
Amperometry is a powerful technique for monitoring the release of catecholamines from chromaffin cells. Single amperometric "spikes" have been attributed to the release of a single vesicle's contents (21) . Figure 1a shows the amperometric recording obtained following the brief depolarization (50 ms) to +20mV of a single patch-clamped adrenal chromaffin cell held at -60mV. Several spikes (superimposed upon one another) were detected suggesting that several vesicles fused with the plasma membrane. This view is supported by the simultaneous measurement of cell membrane capacitance which showed a 24fF step increase after the depolarizing pulse corresponding to the fusion of 2-24 vesicles (1a). Randomly occurring single fusion events were often observed; two examples of such events are shown in fig. 1b and c. In both cases each step in membrane capacitance is accompanied by only a single spike, corresponding to the release of the contents of a single vesicle. In fig. 1b , a foot can be seen that precedes the main spike (22, 23) , in contrast there is no observable foot in the event seen in fig. 1c . currents were induced by depolarizing patch-clamped chromaffin cells (in the whole-cell recording mode) from a holding potential of -60mV to +20mV for 50ms. The laser pulse was synchronized to fire 5 ms after the end of the depolarizing pulse. In some instances, discrete increases in cytosolic Ca 2 + levels that had the appearance of "hotspots" were observed ( fig. 2a and d) , whereas in other cells these hotspots had merged into partial rings (data not shown). These differences in the patterns of localized Ca 2+ influx were seen from cell to cell, however the pattern in each cell was reproducible (11) . In all cases the largest increases in intracellular Ca 2+ concentration were seen immediately beneath the plasma membrane ( fig. 2a and d observed here are colocalized to the zones of secretion described above.
By combining the pulsed-laser imaging technique and the measurement of local catecholamine secretion we demonstrate that this is indeed the case (see fig. 2 and table I). Fig. 2 shows pseudo-color images of the distribution of intracellular Ca 2 * for two separate cells following a 50ms depolarizing stimulus ( fig. 2a and   d ). Bright field images of the cells depicted in fig. 2a and d are shown in fig. 2b and c, and, 2e and f respectively. The patch-pipette can clearly be seen on the right of the cell at the 3 o'clock position; in fig. 2b and e the flame-etched fiber can be seen to the left of the cell at 9 o'clock, and in fig. 2c and f it was moved to 7 o'clock and 11 o'clock respectively. In all cases the carbon-fiber electrodes were placed in close proximity to the plasma membrane (~0.6 ^m (n=49)) and the distance from the center of the carbon-fiber electrode to the nearest hotspot was measured. Immediately beneath the bright field images, amperometric recordings are shown that were obtained from the flame-etched electrodes shown in their respective positions above (figs. 2b, c, e and f)-It can clearly be seen that when the fibers were moved to a position adjacent to a Ca 2+ hotspot, a secretory response was observed ( fig. 2 and Table I ). In contrast, amperometric spikes were observed far less frequently when the fibers were placed in apposition to areas of the cell in which the intracellular Ca 2 + levels had increased to a lesser extent ( fig. 2 and Table I ). Positioning of the amperometric fiber close to a Ca 2+ hotspot (1.4 ± 0.2|am (n=38)) resulted in the detection of a secretory response 74% of the times that the cell was stimulated; this figure dropped to only 18% when the fiber was away from any hotspot (3.6 ± 0.4nm (n=19))(Tablel).
The results described above demonstrate that under conditions leading to Table 1 . Summary of the number of events seen in the amperometric recordings when the carbon-fiber electrode was either closely apposed to hotspots (1.4 ± 0.2nm (n=38)) (see fig. 2 ) or, when it was positioned next to areas in which the Intracellular Ca 2+ levels increased to a lesser extent (3.6 ± O.^m (n=19) away from the nearest hotspot). In all cases the carbon-fiber electrodes were placed in close proximity to the plasma membrane (-0.6 |im (n=49)) and the distance to the nearest hotspot was measured from the center of the carbon-fiber electrode.
It is clear that positioning the carbon-fiber electrode close to the areas of Ca 2 + influx resulted in the detection of a secretory response more frequently than when the fiber was away from the Ca 2+ hotspot. 
